Photoemission Studies Of Metal-Insulator Transition In Some Oxide Bronzes by Chakraborty, Anirban
Preface
Metal-insulator transition is one of the most important properties observed in certain
materials which has been studied widely using a wide range of experimental techniques
as well as theoretical models. This kind of a transition, observed in several systems, can
take place by tuning several parameters such as pressure, temperature or the composition
itself. In this thesis we study a few selected transition metal oxide bronzes exhibiting
such phenomenon, each of which has a different cause for undergoing the transition.
In Chapter 1, we discuss briefly several mechanisms and models that have been used
to understand metal-insulator transitions. We also briefly discuss the role of disorder,
electron-electron correlations or both to understand the different ways in which such
transitions can occur.
In Chapter 2, we describe the different experimental as well as theoretical techniques
that have been used in this thesis.
In Chapter 3, we study the fermi-edge of the NaxWO3 systems, as a function of
x, to understand the origin of the metal-insulator transition occuring in this series of
compounds. The system undergoes a metal-insulator transition at the critical composition
xc = 0.25, below which it is found to be insulating. At the lowest temperature, the very
low x compounds behave as disordered and correlated materials. Above the transition
composition, the compounds behave as disordered and correlated metals. In the insulating
regime, close to the critical composition, we find that the system behaves in a way that
cannot be described by any known theories for metals or insulators. We have also done
a systematic analysis of the Fermi-edge data for the insulating samples as a function of
temperature and we find that they cannot be described by any of the known theories for
solid-state systems. Further development is necessary in the theoretical side to understand
and interpret our data.
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In Chapter 4, we study the angle-resolved photoemission data for the highly metallic
sodium tungsten bronze Na0 .8WO3 . We have synthesized the single-crystals by high-
temperature electrochemical synthesis and we have performed angle-resolved photoemis-
sion experiments to understand the band structure of this system. The experimental re-
sults have been supported by theoretical calculations. We find that the rigid band model
is valid in describing the electronic structure in these systems. We also find the existence
of electron-like pockets along certain symmetry directions. Further, photon energy depen-
dent studies on the x = 0.8 sample suggest that there is a difference in the surface with
the bulk of the sample. The bulk is perfectly periodic and ordered, whereas the surface
shows a distortion due to the rotation or deformation of the WO6 octahedra.
In Chapter 5, we have studied the electronic structure of the low dimensional molyb-
denum oxide La2Mo2O7 , which is expected to have a charge density wave (CDW) driven
metal-insulator transition around 125 K. We indeed observed the presence of CDWs in
this system, which was observed in the angle-resolved phtoemission spectra as back-folding
of bands below the transition temperature. We have also studied the temperature evolu-
tion of the bands close to the Fermi level and we see a gradually weakening and finally
disappearance of the back-folded bands close to and above the transition temperature.
We have studied the angle-integrated spectra of this system from which we conclude that
La2Mo2O7 is a CDW non-Fermi liquid system. We have also evaluated the total and
partial density of states in this system using Vienna ab-initio simulation package. We find
the results consistent with our experimental findings.
In Chapter 6, we study the metal-insulator transition in another low-dimensional
molybdenum oxide KMo4O6 , which is expected to show a metal-insulator transition
around 120 K due to the formation of spin-density waves. We observed back-folding of
bands with lower intensities at low temperature, suggesting the formation of spin den-
sity waves in the system. The angle-integrated spectra suggested that the system is a
non-CDW non-Fermi liquid system. We have also evaluated the density of states and the
results are in agreement with our experimental findings.
In conclusion we have investigated the electronic structure of different classes of sys-
tems and we have given clue to the origin of the metal-insulator transition in these sys-
tems.
